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SYMBOLS

a Janimer radius (in.) M2  Total weight of masses attached

A Cross-sectional area of cord (in. 2) to cords (lbr)

D Density of cord (lbF/in. 3) P Breaking strength of cord (psi)

F,_ Maximum tensile force on cord R Ratio of initial to final spin

(bF) velocities
F, Tensile force on cord while cord t Time required for fully unwound

F s taenial ton cmr wle, ccord to change position from
is tangential to jammer (lbF) tangential to perpendicular to

F, Tensile force on cord while cord jammer (s)
is changing position from tangen- T Time required to despin from in-
tial to perpendicular to jammer itial to final spin velocity (s)
(lb,) W Time rate of change of jammer

g Acceleration of gravity (32.2 spin velocity (s-2)
ft/s2 ) Wo Jammer initial spin velocity (rps)

I Jammer moment of inertia (slug- W jammer final spin velocity (rps)
ft 2)

X Function of time required for ful-
S Instantaneous length of partially lv unwound cord to change posi-

unwound cord (in.) tion from tangential to perpen-

L Length of fully unwound cord dicular to jammer (= Wot)
ki.) Time variation of angle y (s- )

M Effective total weight of cords (fig. 3)
and attached masses (lb) B Time variation of angle 0 (s- )

M, Weight of each cord (lbF) (fig. 3)

ENGLISH TO METRIC CONVERSION

English unit Metric unit

1 in. 2.54 cm
I ft 0.305 m

1 lb 0.454 kg (force)
I psi 6,90 kP..
1 slug 0.454 kg (mass)
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1. INTRODUCTION around the mass center of the UEJ and spin
axis, as shown in figure 1. The two cords are at-

Six unattended expendable jammers tached to the UEJ at diametrically opposed
(UEJ's) are placed within the interior of a positions to avoid unbalanced forces. When the
155-mm shell. The shell is fired as ordinary ord- two masses are simultaneously allowed to un-
nance over a wide range of trajectories, and wind about the spinning body, centrifugal
each UEJ is ejected from the rear of the air- force pulls each mass away from the body.
borne shell at a minimum altitude of 3300 ft
with a forward speed of up to 2500 ft/s and a
spin rotation of up to 260 rps. A controlled
spacing of 1600 ± 300 ft between landed units is
desired, and each UEJ is required to land on a
specified side with its spin axis to within 20 deg CORD
of the ground vertical. The angle between the
plane of rotation of a highly spinning UEJ and
the ground vertical remains essentially un-
changed during descent. Consequently, proper
landing orientation requires despinning the RELEASE
UEJ to nearly zero spin.

The UEJ can be despun to zero spin by MASS
using an angular momentum transfer device, Figure 1. Yo-yo despin device and unattended

such as a yo-yo. In this procedure, the rota- expendable jammer before despinning.

tional energy and the angular momentum are The cords unwind to their full length, and
conservatively transferred from the UEJ to two when each cord attains the position normal to
small masses ejected from the outer casing of the tangent drawn to the surface of the UEJ as
the UEJ. For some trajectories, the allowable shown in figure 2, each cord is simultaneously
time for despin is less than 10 s. The UEJ can be released and allowed to escape. Rotational
completely despun from any initial spin in less energy and angular momentum are conserved.
than 1 s with the same ejected masses. Hence, the reduction of rotational energy and

angular momentum of the spinning UEJ equals
The conservation equations for rotational the rotational energy and angular momentum

energy and angular momentum for the system imparted to the two cords and masses. The two
consisting of a UEJ and a yo-yo provide exact equations for rotational energy and angular
solutions for the ratio of final to initial angular momentum are solved simultaneously to obtain
velocities and the time to despin in terms of the explicit solutions for despin, maximum cord
yo-yo mass ejection system and physical char- tension, and time for despin as functions of the
acteristics of the UEJ. Test data of despin of a length and the mass of the yos and the radius
model of the UEJ are in excellent agreement and the moment of inertia of the UEJ.
with predicted data for a known moment of in-
ertia of the UEJ.

RELEAII,. IEEI

2. THEORETICAL CONCEPTS MASSI, A

The yo-yo consists of two identical yos each CORD COD MAU

having a mass, M2/2, attached to one end of a
cord of uniformly distributed mass and weight, Figure 2. Yo-yo despin device and unattended
Mi. The other end of each cord is attached to expendable jammer at time of release
the UEJ. The cords are initially wrapped of vos.

7
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Following the procedure described by Y
Fedor' and referring to figure 3, when e - y = 0 M /2
(which is the position at which the yo is 2
released), conservation of rotational energy is
given by

1W? + M (aW,+ Ly)
2 

= constant
2 2 (1)

= (I + Ma2)Wo ,

2

and conservation of angular momentum is
given by

1W1 + M(L + a)(aW, + L) = constant

(I + Ma2)Wo . (2) Figure 3. Notation for energy and momentum
conservation equations.

where According to equation (3), by vary-

a = jammer radius (in.), ingM and L, R may range between- 1< R
1. R < 0 corresponds to a reversal of the direc-

I = jammer moment of inertia tion of spin. Spin reversal occurs when the yos"
(slug-ft2 ), mass or length or both are sufficiently large to

cause complete despin of the UEJ before the yos
L = length of fully unwound cord (in.), are released from the UEJ. Thereafter, the ten-

sion on the cords caused by the centrifugal
M = effectivv total weight of cords and force exerted by the yos produces the reversal of

attached masses (lbF), the direction of spin of the UEJ.

Wo = jammer initial spin velocity (rps), The tension on a cord during the un-
winding of the cord and during which time the

W, = jammer final spin velocity (rps), cord remains tangential to the UEJ is the
product of the mass of the weight and the ac-

= time variation of angle y (s-'). celeration:

For G = 144g(1 - R)I/Ma2 >> 1, the F1 =+ 2(
2

simultaneous solution of the two equations
yields the ratio of final to initial spin velocities, where

!+ Mal - L) F, = tensile force on cord while cord is

B 144g (3) tangential to jammer (ibF),
I+ I at

144g = instantaneous length of partially,
where unwound cord (in.),

L= [(L/a) + 1]2 W = change of jammer spin velocity
with respect to time (s-2),

if, V. Fedor. Teory and Design Curves for a Yo-Yo De-Spin

Mechanism for Satellites. National Aeronautics and Space Ad-
ministration Technical Vote D-708 (August 1961). 0 = time variation of angle (s-').
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The maximum tension occurs when the cord High strength-to-weight cords, such as
has unwound by the amount I = A /-3, and Kevlar, are essential because of the large tensile

forces. Cords made of Kevlar may be assumed
F =,,, = 0.65MW A(1 - a

2 /A 
2
) (4) to have a breaking strength of P = 3(10') psi

and a density in the range of 0.06 4 D 1 0.12
where lbF/in. 3 . Allowing for a 20-percent safety

A
2 = (I/M) + a2  margin, the minimum cross-sectional area is

The tension on a cord while the cord is A = F_/2.5(10') (8)

changing position from tangential to perpen- and the maximum length of each cord is
dicular to the jammer is

F M (aW 2 + Ly
2 ) L = M/AD. (9)

2

The maximum tension occurs at the point of at- The above equations have been solved on a
tachment to the jammer, when 0 -n c t 0p and computer. Figure 4 summarizes the predicted

relations for R as functions of MI, L, A, Fim.,
is and Fi.,/F 2,., in the range -0.2 < R 4 0.4

L~ for several values of M2 , with Wo = 300 rps,

M pI aR G + -R 5) I = 0.0108 slug-ft2  P = 2.5(10 s) psi, and
F 24g +L(La+ )) JJ. D = 0.06 lbF/in.3 . Thus, various combinations

of values of L, MI, and M2 can be used to obtain
nR 0, the time required to despin a given value of R, including spin reversal for

When Rwhich R < 0. For example, from figure 4(a,b),
from initial to final spin velocity is we see that the UEJ can be completely despun

T = 1, + X(6) from any initial spin with L = 15 in.,
aW 0  Wo MI = 0.062 lb,, and M 2 = 0.12 lbF. The max-

imum tensile force on the cord is F1,,_ and
In equation (6), the first term is independent of amounts to about 17,000 lb (fig. 4d, e). By
R and is the time required for the cord to com- equation (6), the time required for the cord to
pletely unwind to length L. The second term, unwind is 3.2 ms and X/Wo = 1 ms. For a
X/Wo, is the additional time required for the given R, the effect of increasing M2 is to shorten
fully unwound cord to change position from L and increase Fl,,,. For given R and M2 , the
tangential to perpendicular to jammer, or the ratio of changes between M, and I is
additional time required for the cord to release
from the jammer. The term X/Wo is the time, t,
required for d

fo (Y - ) dt = I2. d =l
-0 d

where t = 0 denotes the time at which the cord
is initially fully unwound. and between Fi... and I is

For large spin reductions and cords with a
uniformly distributed mass, as shown by
Fedor,' the effective mass is dFltan

0 < Flm 0

M = 2MI/3 I M2• (7) di

11 V 'ed#,r. Theory and l)eign (urt e, for a Yo- Yo D-Spin

Merhanirn for Satellites. Natitynal Aeronautie.s and Space Ad-

rninitralion Technical Not, 0-708 (Auut 1961).
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The dependency for all relations on (C) 01

P and D enters onyin the ratio P/D. 0- M-

The above relationships are repeated in 0-0 M" 010

figure 5 for a change in cord density to 010M~
D = 0.12 lb,-/in.3 . The dependency of
the various functions on D is shown in
figure 6 for R = 0 and P = 2.5(10') c 000

psi. From the latter, we see that a
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primary effect of increasing the10 l?
strength-to- weight ratio of the cord
material is to p~ermit a lengthening of
the cords, which in turn permits a .010,

reduction of M and a reduction of the
maximum force on the cord. Similar
results pertain for other R in the range - 03
-0.2 R 0.4.
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Figore 6. Predicted variation of (a) %%eight of 2

Kes lar cord, (6) length of Kes'lar cord, (c) cross
sectional area of Keviar cord, (d) ojaxirnorn ten-
sile force on Keslar cord while cord is tangential 10

to jarnrner. and (e) ratio of tensile forces on Kecl-ar
cord, with density of Kes-lar for %arious attached
rnasses%: I = (1.0108 slug-ft2 . P - 2.5(10') psi, II.' 10 1(4, 001 111( O 0
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Tie following example is given to indicate end of each cord. The cross section of the cords
the required values and tolerances of 1. and M was 0.10 x 0.25 in.2 . The total length of each
to despin a typical UEJ. For a single yo-yo (a cord was 17.5 in. To an accuracy of within t2
single pair of yos) and Wo = 300 rps, successful percent, the cord lengths between the point of
despin of the UEJ to within a final spin of ±15 applied force to the UEJ and the midpoint of
rps re ulires a value of 11 in the range the weights was 14.1 and 13.8 in. for each of
-0.05 < R < 0.05. For D = 0.06 and the brass- and aluminum-weighted yos. The
N 2 = 0, tie associated ranges of 1. and M, are weights of the link and of the collar with pin
32.0 K, I. 4 30.3 in. and 0.070 < M, were 0.021 and 0.017 lb. The weights of the
< 0.1)63 lbF (fig. 4b.a). These tolerances are Kevlar cords for the brass- and aluninurn-
easily met in mass-produced items. Assuming weighted yos were 0.013 and 0.014 lb. The
good repeatability, a single vo-vo will ac- brass and aluminum weights were each
complish the required despin. 0.077 t 0.001 and 0.029 ± 0.001 lb. Thus,

each brass vo consisting of link, collar with pin.
cord, and weight weighed 0.128 ± 0,001 lb.
Each aluminum vo. similarly constructed but

The experimental apparatus used to without collar and pin, weighed 0.064 t 0.001

demonstrate the feasibility of a single yo-yo
svstemi for despinning the UFI consisted of a ~ LNCW

single pair of 'os attached to a test model UEJ.
a detonator and a detonating cord to initiate
unwinding of the yos. an electric motor to spin
the UEJ to about 60 rps. and a mechanism for
disengaging the motor from the UEJ so as to
allow the UEJ to rotate freely on a shaft follow-
ing disengagement (fig. 7, 8).

A framing camera with speeds ranging
between 2300 and 2900 frames/s was used to YAMTtR

measure the times required to sever the Kevlar
cords, despin the UEJ. and release the cords
from the UEJ. The above times were deter-
mined with a precision of one frame, or ±0.4
ins. The camera speed is known to an accuracy
of within 10 frames/s. A tachometer was used
to obtain spin records of the UEJ. The
tachometer mea.ud spin to a precision of
within 1 percent of the instantaneous spin.

The vos used in the tests consisted of Kevlar
Cords attached at one end to either a brass
weight or an aluninum weight and the other
end to a steel link (fig. 9). For each test, the link
end of each of the two yos was joined to the
UEJ at the release hook. the two release hooks
were located at diametrical ends of the UEJ.
Each of the cords was wrapped about the cir-
cuimference of the UEJ in a plane approx-
imating that of its center of mass. The weights
were fitted into wells of the UEJ and held Figure 7. MhI unattended Cxlndahhl, jammer (ItllJ
securely in place by a restraining screw at the and ttt apparatus.

13
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KELA conORDS C

RESTAAINONG SCREWS

BRASS WE BGHT

(b)i

RESTRAINING SCREW

KEVLAR CORDS

MASS WEIT

Figure S. Model unattended expendable jammer: (a) top and (b) front and top.
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UNK COLLAR KEVLAR CORO /EMHT

PIN

(b) --'.

(C) - .

Figure 9. Test yos: (a. b) complete brass weighted and (c. d) aluminum weighted (links not shown).

Twelve tests were performed, eight with a The despin time of the UEJ for a yo-yo
pair of brass yos and four with a pair of system consisting of a single pair of yos for most
aluminum yos. Except for the above noted practical applications will amount to between 3
slight variations in the lengths and the weights and 30 ms. The difference in time between the
of the vos, the tests of each of the brass- and release of the two yos must be much smaller
each of the aluminum-weighted yos were iden- than the time for despin in order to avoid
tical. lateral displacement and random dispersion of

the UEJ in a direction normal to the UEJ spin
The test model UEJ weighed 7.6 lb. The axis. This required difference in release time

rotating shaft to which it was fixed in addition decreases with increasing W0 because of the
to other attachments free to rotate following larger forces encountered by the cords with
disengagement from the motor weighed 1.3 lb. larger Wo. To attain the required "simul-
Hence, the total weight of the rotating ensem- taneity' in the time of release of between 0.3
ble following disengagement was 8.9 lb. The and 3 ms, a single detonator was placed at the
radius of gyration of this ensemble was midpoint of a semicircle of diameter 3.5 in. of
estimated at 2.0 in. The radius of gyration was mild detonating cord' (fig. 8). Each end of the
calculated from equation (3) for both the brass- detonating cord was placed in physical contact
and aluminum-weighted yos following comple- with a section of the Kevlar cord between the
tion of the tests, by using the test values found restraining screw and the weight. Ignition of
for the despin. The radius of gyration was the detonating cord caused the severancq of the
found to average 1.94 and 1.91 in. for the ends of the Kevlar cords tiat restrained the
brass- and aluminum-weighted yos. In the lat- weights. The speed of detonation of the
ter two calculations, the values used for M, and detonator cord was 25,000 ft/s, and the conse-
M2 were the cords and the metal weights; the (luent severance of the Kevlar cords was
weights of the link and of the collar with pin 'Thr .Vary BRU'-7 detonator and UIXFtSC detonating cords

were not included. 01 graitm t) utie wed in the reported fftt,

15
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calculated to begin about 10 ps following In the tests of the four aluminum-weighted
initiation of detonation. The difference yos, the average measured Wo was 54.5 rps. In
between travel times for the detonation to tests 2, 3, and 5, the average measured R was
reach the two ends of the Kevlar cords was 0.296, with the maximum deviation in R of
measured as I ps. only 0.006. With this precision, the corre-

sponding maximum deviation in W, is 0.33 rps.
One of the recovered links was separated from a

4. THEORETICAL AND EXPERIMENTAL yo in test 1. R measured 0.360 in this test, and
RESULTS separation of the link during despin would

cause the observed larger value of R.

Equation (3) was used to obtain the design Assuming the above repeatability in R of
requirements (lengths and weights) for the within 0.013 for spins up to the required max-
brass- and aluminum-weighted Nos so as to ob- imum of 260 rps, a single pair of yos could com-
tain specified values of R, by using an estimated pletely despin the UEJ to within ±3 rps.
radius of gyration of 2.0 in. for the disengaged
freely rotating ensemble of 8.9-lb weight Clear camera data were recorded in 10 of
(which includes the model UEJ, the shaft, the the 12 tests. As shown in table 1, the test values
tachometer, etc.). By equation (3), R is in- of T (measured from the instant of detonation
dependent of Wo. Equations (5) to (7) were to the release of the two yos) for the brass- and
used to obtain predicted values of Fi... F2,, aluminum-weighted vos were 18 ± 1 and
and T for an assumed initial spin of 60 rps. The 20 ± 2 is. The Kevlar cords were observed to
values for F1,,,0 and F'2 ,,, were used to deter- completely sever in 1.0 to 1.5 ins following
rmine the required strength of the Kevlar cords. detonation. The observed difference between
The time required to despin (starting from the release times of the two yos from the model
severance of the cords to their release from the UEJ was usually less than 1.0 ms and ranged
UEJ) was calculated to be 22 ms for L = 14.0 between 0 and 1.4 ins.
in. and Wo = 55 rps. Here, L/aW0 = 16 ins and
X/Wo = 6 ms. The value of X is dependent on The forces occurring during despin vary as
R, but is independent of Wo. The value of X W02. The forces Fj,,,,_ and F2... exerted on the
was calculated from the momentum and energy UFJ also depend on the vo-vo design itself and
equations by successive integrations for Y' from are about 11,000 lb at R = 0 and W0

= 260 rps.
0 - y = n/2 to 0 = y. A structurally sound yo-yo may be constructed

solely of Kevlar cords of sufficient mass and

The results of the 12 tests are summarized length. The single pair of yos can apply for all

in table 1. These results were anticipated from Wo since R is independent of Wo. The design

the calculations by using an approximate value parameters M, and L for such a pair of yos are

for I. It is important to observe that, had the indicated in figure 6(a, b) for R = 0 by the
precise value for I been known, the agreement curves with M2 = 0.
between the calculated and test data for W, 5. SUMMARY AND CONCLUSIONS
would have been the same as the test
repeatability citedt below. Twelve tests performed in a laboratory

demonstrated that a single pair of yos will corn-

In the tests of the eight brass-weighted yos, pletely despin a model of the UEJ of 8.9-lb
the average measured Wo was 52.1 rps. Here, weight and 1.9 -in. radius of gyration with an
the average measured R was -0.125 with the initial spin of 57 rps in a time period of 20 ins.
maximum deviation in R of 0.013. With this To completely despin, each yo weighed 0.13 lb
precision, the corresponding maximum devia- and was 14 in. long. The time required for
tion in W, is 0.67 rps. despin varies inversely with the initial spin.
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TABLE 1. TEST RESULTS OF DESPIN OF MODEL UNATTENDED EXPENDABLE JAMMER

FOR BRASS-WEIGHTED AND ALUMINUM-WEIGIITED YOS

Jammer spin

Wehtight Test Dpitl ' WRemark.%
Initial. Wo Final, %V1

(ili,4

Ahlminunm 1 54.6 19.7 I3) Link is tlieved to have separated
fron one %o during despin.

2 54.3 16.4 0.302 21

3 54.2 15.9 0.214 24

5 54.8 16.0 0.292 20

B ra. 4 54.9 -6.49 -0.118 19

6 55.4 -6.27 -0,113 Is

7 55.6 -6.91 -0.124 17

8 - .. No test wa:% done.

9 56.3 -7.78 -0.138 18

10 57.0 -6.83 -). 120 19

11 56.5 -7.35 -0.130 17

12 55.5 -6.92 -0.12,5 17

13 ...- No test "a.% dotie.

14 - No test wa. done.

15 50.5 -6.56 -0.130

The observed difference between the between 50 and 57 rps. By scaling the above
release times of the two yos from the model UEJ repeatability, a single pair of yos could despin
was usually less than 1 ms. Translation of the the UEJ to within ±3 rps of zero spin at an,
UEJ caused by this difference in release times is initial spin up to 260 rps.
well within the allowable 300-ft ground disper-

Calculations show that a single pair of yos
The exlperimental repeatability of the ratio can be used to completely despin the UEJ with

of the final spin to the initial spin was found to each yo consisting solely of a Kevlar cord
correspond to a repeatability of the final spin to (without weight attached thereto) for initial

within 0.67 rps for initial spins ranging spins up to 260 rps.

17



DISTRIBUTION

ADMINISTRATOR ENGINEERING SOCIETIES LIBRARY
DEFENSE TECHNICAL INFORMATION CENTER ATTN ACQUISITIONS DEPT
CAMERON STATION, BUILDING 5 345 E. 47TH STREET
ATTN DTIC-DDA (12 COPIES) NEW YORK, NY 10017
ALEXANDRIA, VA 22314

COMMANDER
COMMANDER US ARMY MATERIEL DEVELOPMENT &
USA RSC" & STD GP (EUR) READINESS COMMAND

FPO NEW YORK 09510 ATTN DRXAM-TL, HQ TECH LIBRARY
ATTN DRCDE-A, PROGRAM SUPPORT OFFICE

COMMANDER ATTN DRCDE-D, SYSTEMS DEV
US ARMY ARMAMENT MATERIEL READINESS ATTN DRCPA-E, ENVIRONMENTAL

COMMAND CONTROL OFFICE
ATTN TECHNICAL LIBRARY ATTN DRCQA, DIR FOR QUALITY ASSURANCE
ATTN DRSAR-ASF, FUZE & MUNITIONS SUPPORT ATTN DRCSF-E, RESEARCH & ENGINEERING

DIVISION ATTN DRCBSI-F, SYS DIR: ARTILLERY

ATTN DRSAR-RDF, SYS DEV DIV - FUZES 5001 EISENHOWER AVENUE
ROCK ISLAND, IL 61201 ALEXANDRIA, VA 22333

COMMANDER UNDER SECRETARY OF DEFENSE FOR
US ARMY MISSILE & MUNITIONS CENTER & RESEARCH & ENGINEERING
SCHOOL THE PENTAGON

ATTN ATSK-CTD-F ATTN TECHNICAL LIBRARY
REDSTONE ARSENAL, AL 35809 WASHINGTON, DC 20301

US ARMY MATERIEL SYSTEMS ANALYSIS ACTIVITY OFFICE OF THE DEPUTY CHIEF FOR RESEARCH,
ATTN DRXSY-MP DEVELOPMENT & ACQUISITION
ABERDEEN PROVING GROUND, MD 21005 DEPARTMENT OF THE ARMY

ATTN DAMA-AR, DIRECTOR ARMY RESEARCH
COMMANDER ATTN DAMA-DD, DIRECTOR, DEVELOPMENTS
US ARMY BALLISTICS RESEARCH LABORATORY WASHINGTON, DC 20310
ATTN DRDAR-TSB-S (STINFO)
ATTN DEVELOPMENT & PROOF SERVICES, DEFENSE RESEARCH ESTABLISHMENT

SAUL TARAGIN VALCARTIER
ATTU INTERIOR BALLISTICS LABORATORY ATTN DIRECTOR OF RAD
ATTN SIGNATURE & PROPAGATION LABORATORY DEFENSE RESEARCH ROAD

ATTN DRXBR-BB, V. RICHARD QUEBEC, CANADA
ATTN DRXBR-BB, J. PILCHER
ATTN DRXBR-EB, W. MERMAGEN DEFENSE ADVANCED RESEARCH 'ROJECTS AGENCY
ATTN DRXBR-EB, E. BOYER 1400 WILSON BLVD
ATTN STEAP-TL, TECHNICAL LIBRARY ATTN MR. CLIFFORD E. MCLAIN,

DIVISION (2 COPIES) MISSILE PHENOMENLOGY BRANCH
1TTN TECHNICAL LIBRARY, BLDG 313 ARLINGTON, VA 22209
ABERDEEN PROVING GROUND, MD 21005

ARMY ADVANCED BALLISTICS MISSILE
US ARMY ELECTRONICS TECHNOLOGY & DEVICES DEFENSE AGENCY

LABORATORY PO BOX 5474
ATTN DELET-DD ATTN TECH DIRECTOR
FT MONMOUTH, NJ 07703 RIVERSIDE, CA 92507

HQ, USAF SAMI COMMANDER
WASHINGTON, DC 20330 US ARMY MOBILITY EQUIPMENT RESEARCH

& DEVELOPMENT COMMAND
TELEDYNE BROWN ENGINEERING ATTN SMEFB-W, TECHNICAL LIBRARY
CLU4MINGS RESEARCH PARK FT BELVOIR, VA 22060

ATTN DR. MELVIN L. PRICE, MS-44
HUNTSVILLE, AL 35807 COMMANDER

US AP,4Y WEAPONS COMMAND

ATTN LIBRARY
ROCK ISLAND, IL 61201

19



DISTRIBUTION (Cont'd)

COMMANDER COMMANDER
US ARMY MATERIALS & MECHANICS NAVAL WEAPONS CENTER
RESEARCH CENTER ATTN TECH LIBRARY
ATTN TECHNICAL INFORMATION CENTER CHINA LAKE, CA 93555
WATERTOWN, MA 02172

COMMANDER
COMMANDER US NAVAL SURFACE WEAPONS CENTER
US ARMY YUMA PROVING GROUND ATTN LIBRARY
ATTN STEYP-TE, TEST & DAHLGREN, VA 22448

EVALUATION DIRECTORATE
Yt#KA PROVING GROUND, AZ 85364 DIRECTOR

NAVAL OCEAN SYSTEMS CENTER
COMMANDER SAN DIEGO, CA 92152
US ARMY RESEARCH OFFICE (DURHAM)
PO BOX 1221 US NAVAL ACADEMY
ATTN CRD-AA-IP ENGINEERING DEPT
TRIANGLE RESEARCH PARK, NC 27709 ATTN LIBRARY

ANNAPOLIS, MD 21402
COMMANDER
US ARMY TANK-AUTOMOTIVE COMMAND COMMANDER
28251 VAN DYKE AVE NAVAL UNDERSEA WARFARE CENTER
ATTN SMOTA-RCI, INSTRUMENT- SAN DIEGO DIVISION

ELECTRICAL LABORATORY 271 CATALINA BOULEVARD
ATTN SMOTA-RCM, MATERIALS LABORATORY SAN DIEGO, CA 92152
ATTN SMOTA-RCS, PHYSICAL SCIENCES

LABORATORY COMMANDER
ATTN SMOTA-RCF, FIRE POWER LABORATORY NAVAL AIR DEVELOPMENT CENTER
WARREN, MI 48090 ATTN TECHNICAL LIBRARY

WARMINSTER, PA 18974
COMMANDER
EUSTIS DIRECTORATE COMMANDER
US ARMY AIR MOBILITY RESEARCH NAVAL UNDERSEA CENTER

& DEVELOPMENT LABORATORY ATTN DIR A. G. FABULA, CODE 6005
ATTN DIRECTOR, R&D SAN DIEGO, CA 92132
PT EUSTIS, VA 23604

OFFICER-IN-CHARGE
COMMANDER NAVAL UNDERSEA CENTER
US ARMY MOBILITY EQUIPMENT RESEARCH 3202 E. FOOTHILL BOULEVARD
& DEVELOPMENT CENTER ATTN DR. J. G. WAUGH, CODE 2542
ATTN TECHNICAL DOCUMENT CENTER PASADENA, CA 91107
FT BELVOIR, VA 22060

CHIEF OF NAVAL RESEARCH
COMMANDER DEPARTMENT OF THE NAVY
NAVAL SURFACE WEAPONS CENTER ATTN CODE 463
ATTN AIR GUN GROUP ATTN CODE 438
ATTN TECHNICAL LIBRARY ATTN CODE 439
WHITE OAK, MD 20910 ARLINGTON, VA 22217

DEPARTMENT OF THE NAVY COMMANDER
ORDNANCE SYSTE?4 COMMAND NAVAL AIR SYSTEMS COMMAND, HQ
ATTN DLI-3, TECHNICAL LIBRARY DEPARTMENT OF THE NAVY
WASHINGTON, DC 20360 ATTN AIR-03B

ATTN AIR-5203
DIRECTOR ATTN AIR 5301
NAVAL RESEARCH LABORATORY ATTN AIR 5302
ATTN CODE 2620, TECH LIBRARY WASHINGTON, DC 20361
hTTN CODE 2029, (ONRL)
WASHINGTON, OC 20375

20



DISTRIBUTION (Cont'd)

COMMANDER cOMMANDER

NAVAL SEA SYSTEMS COMMAND, HQ US ARMY ARMAMENT RESEARCH

DEPARTMENT OF THE NAVY 
& DEVELOPMENT COMMAND

2521 JEFFERSON DAVIS HIGHWAY ATTN SARPA-SCIENTIFIC & TECHNICAL

ATTN NSEA-03A 
INFORMATION BRANCH

ATTN NSEA-035B ATTN F. SAXE

ATTN NSEA-541 
ATTN TECHNICAL LIBRARY

ATTN NSEA-0521 DOVER, NJ 07801

ATTN NSEA-0532
ARLINGTON, VA 20360 COMMANDER

EDOEWOOD ARSENAL

OFFICER-IN-CHARGE 
ATTN TECHNICAL LIBRARY

NAVAL CONSTRUCTION BATTALION CENTER 
EDGEWOOD ARSENAL, MD 21010

CIVIL ENGINEERING LABORATORY

ATTN CODE L51 US LIBRARY OF CONGRESS

PORT HUENEME, CA 93041 SCIENCE & TECHNOLOGY DIVISION
WASHINGTON, DO 20540

COMMANDER
NAVAL SHIP RESEARCH & NATIONAL BUREAU OF STANDARDS

DEVELOPMENT CENTER ATTN LIBRARY

ATTN MR. PAUL GRANVILLE, CODE 581 
WASHINGTON, DO 20234

ATTN STRUCTURESATTN AERODYNAMICS BOULDER LABORATORIES
ATTN HYDRODYNAMICS NATIONAL BUREAU OF STANDARDS
CARDEROCK, MD 20034 ATTN LIBRARY

BOULDER, CO 90302

COMMANDER
US NAVAL MISSILE CENTER SANDIA LABORATORIES

ATTN TECHNICAL LIBRARY, CODE N0322 PO BOX 5800

POINT MUGU, CA 93401 ATTN S. FLUENT
ATTN TECHNICAL LIBRARY

AIR FORCE WEAPONS LABORATORY ALBUQUERQUE, NM 87185

WLRP
ATTN TECH LIBRARY SANDIA LABORATORIES

KIRTLAND AFB, NM 87117 LIVERMORE LABORATORY
PO BOX 969

COMMANDER ATTN TECHNICAL REFERENCE LIBRARY

ARMAMENT DEVELOPMENT & TEST LIVERMORE, CA 04550

CENTER
EGLIN AFB, FL 32542 DIRECTOR

LAWRENCE RADIATION LABORATORY

COMMANDER Po BOX 1663

ARNOLD ENGINEERING DEVELOPMENT CENTER ATTN LIBRARIAN

ATTN LIBRARIAN LOS ALAMOS, NM 87544

ATTN MR. J. CABLE
ARNOLD AIR FORCE STATION, TN 37389 JET PROPULSION LABORATORY

CALIFORNIA INSTITUTE OF TECHNOLOGY

COMMANDER 4800 OAK GROVE DRIVE

AF FLIGHT DYNAMICS LAB ATTN TECHNICAL LIBRARY

ATTN PTS SURVIVABILITY/VULNERABILITY TDS-N.E. DEVERAUX

BRANCH PASADENA, CA 91103

ATTN TECH LIBRARYWRIGHTPATTERSON AFB, OH 45433 NATIONAL ACADEMY OF SCIENCES
NATIONAL RESEARCH COUNCIL

AF OFFICE OF SCIENTIFIC RESEARCH CCMMITTEE OF UNDERSEA WARFARE

ATTN LIBRARIAN 2101 CONSTITUTION AVENUE, NW

BOLLING AFB, WASHINGTON, DO 20332 WASHINGTON, DO 20418

21



DISTRIBUTION (Cont'd)

DIRECTOR UINIVERSITY OF PITTSBURGH
NASA ORDNANCE RESEARCH STAFFLFWIS RESEARCH CENTER 520 DUPONT CIRCLE BLDG
ATTN TECHNICAL LIBRARY ATTN TECHNICAL LIBRARY21000 BROOKPARK ROAD 1345 CONNECTICUT AVF tlE, NW
CL.EVELAND, OH 441 35 WASHINGTON, DC 20036

NATIONAL AERONAUTICS & SPACE STANFORD RESEARCH INSTITUTE
ADMINISTRATION ATTN SECURITY OFFICER
GODDARD SPACE FLIGHT CENTER 333 RAVENWOOD AVENUE
ATTN LIBRARY MENLO PARK, CA 94025
ATTN DR. J. V. FEDOR
GREENBELT, MD 20771 WASHINGTON STATE UNIVERSITY

R. L. ALBROOK HYDRAULIC LABORATORYNATIONAL AERONAUTICS & SPACE DIVISION OF INDUSTRIAL RESEARCH
ADMINISTRATION ATTN CHAIRMAN, MECHANICAL
GEORGE C. MARSHALL SPACE FLIGHT CENTER ENGINEERING DEPT
ATTN MR. H. A. CONNELL, R-P, & VE-PT PULLMAN, WA 91634
HUNTSVILLE, AL 35812

MASSACHUSETTS INSTITUTE OF TECHNOLOGYROYAL ARMAMENT RESEARCH & DEVELOPMENT HYDRODYNAMICS LABORATORY
ESTABLISHMENT ATTN TECHNICAL LIBRARY
ATTN MR. P. FULLER CAMBRIDGE, MA 02139
Fr HALSTEAD, KENT, ENGLAND

UNIVERSITY OF ILLINOISDIRECTOR COLLEGE OF ENGINEERING
NASA DEPARTMENT OF THEORETICAL &
LNGLEY RESEARCH CENTER APPLIED MECHANICS
ATTN TECHNICAL LIBRARY, MS 185 212 TALBOT LABORATORY
ATTN MR. MITCHEL H. BERTRAM, MS 243 ATTN DR. J. M. ROBERTSON
ATTN MR. RUSSELL HOPKO, PARD, MS 213 URBANA, IL 61801
HAMPTON, VA 23365

JET PROPULSION LABORATORYNATIONAL AERONAUTICS & SPACE CALIFORNIA INSTITUTE OF TECHNOLOGY
ADMINISTRATION 4TTN MR. T. KICENIUK,

ATTN TECHNICAL LIBRARY HYDRODYNAMICS LABORATORY
600 INDEPENDENCE AVENUE, SW ATTN PROFESSOR M. S. PLESSET, DIV
WASHINGTON, DC 20546 OF ENGINEERING

ATTN TECHNICAL LIBRARY
NASA SCIENTIFIC & TECHNICAL 4800 OAK GROVE DRIVE
INFORMATION FACILITY PASADENA, CA 91103

PO BOX 33
ATTN NASA REPRESENTATIVE (SAK/DL) THE CATHOLIC UNIVERSITY OF AMERICA
COLLEGE PARK, MD 20740 DEPARTMENT OF SPACE SCIENCE

& APPLIED PHYSICS(COMANDER ATTN TECHNICAL LIBRARY
NATICK LABORATORIES WASHINGTON, DC 20017
ATTN DIRECTOR, R&D
NATICK, MA 01762 OHIO STATE UNIVERSITY

DEPARTMENT OF AERO-ASTRONAUTICAL
FRANKLIN INSTITUTE RESEARCH LABS ENGINEERING
20TH & BENJAMIN FRANKLIN PARKWAY ATTN TECHNICAL LIBRARY
ATTN TECHNICAL DIRECTOR 2036 NEIL AVENUE
PHILADELPHIA, PA 19103 COLUMBUS, OH 43210

CORNELL UNIVERSITY UNIVERSITY OF MARYLAND
SCHOOL OF CHEMICAL ENGINEERING DEPARTMENT OF AEROSPACE ENGINEERING
ATTN E. L. RESLER, JR. GLEN L. MARTIN INSTITUTE OF TECHNOLOGY
GRUMAN HALL ATTN PROFESSOR ALFRED GESSLER
ITHACA, NY 14850 COLLEGE PARK, MD 20742

22



DISTRIBUTION (Cont'd)

COLORADO STATE UNIVERSITY JOHNS HOPKINS UNIVERSITY

ATTN CIVIL ENGINEERING HYDRAULICS APPLIED PHYSICS LABORATORY

LABORATORY ATTN DOCUMENT LIBRARIAN

FT COLLINS, CO 80521 8621 GEORGIA AVENUE

SILVER SPRING, MD 20910

UNIVERSITY OF UTAH

COLLEGE OF ENGINEERING UNIVERSITY OF CALIFORNIA

ATTN PROFESSOR MAX L. WILLIAMS, LOS ALAMOS SCIENTIFIC LABORATORY

DEAN ATTN REPORT LIBRARY

SALT LAKE CITY, UT 84112 Po BOX 1663
LOS ALAMOS, NM 97544

STATE UNIVERSITY OF NEW YORK AT

BUFFALO UNIVERSITY OF WYOMING

DEPT OF MECHANICAL ENGINEERING COLLEGE OF ENGINEERING

FACULTY OF ENGINEERING & APPLIED ATTN ENGINEERING LIBRARY

SCIENCES ATTN PROFESSOR JAMES D. MATHENY

PARK ENGINEERING BUILDING HEAD DEPT OF MECHANICAL

ATTN J. GORDON HALL ENGINEERING

BUFFALO, NY 14212 UNIVERSITY STATION

PO BOX 3295

DIRECTOR ORDNANCE RESEARCH 
LARAMIE, WY 82070

LABORATORY
PENNSYLVANIA STATE UNIVERSITY UNIVERSITY OF DELAWARE

Po BOX 30 MECHANICAL & AERONAUTICAL

STATE COLLEGE, PA 16801 ENGINEERING DEPARTMENT

ATTN DR. JAMES DANBERG

UNIVERSITY OF MARYLAND NEWARK, NJ 19711

MECHANICAL ENGINEERING DEPARTMENT

ATTN DR. JAMES DALLY DIRECTOR

COLLEGE PARK, MD 20742 SOUTHWEST RESEARCH INSTITUTE

DEPARTMENT OF MECHANICAL SCIENCES

tNIVERSITY OF CALIFORNIA ATTN LIBRARY

DEPARTMENT OF NAVAL ARCHITECTURE SAN ANTONIO, TX 78206

ATTN PROFESSOR J. V. WEHAUSEN

BERKELEY, CA 94720 STANFORD UNIVERSITY

ATTN PROFESSOR E. Y. HSU

THE UNIVERSITY OF IOWA ATTN DR. DANIEL BERSHADER

THE INSTITUTE OF HYDRAULIC RESEARCH DEPT OF AERONAUTICAL &

ATTN LOUIS LANDWEBER ASTRONAUTICAL

ATTN TECHNICAL LIBRARY STANFORD, CA 94305
IOWA CITY, IA 52240

UNIVERSITY OF MINNESOTA

GEORGIA INSTITUTE OF TECHNOLOGY ST ANTHONY FALLS HYDRAULIC

ENGINEERING EXPERIMENT STATION ATTN TECHNICAL LIBRARY

ATTN HYDRAULICS LABORATORY MISSISSIPPI RIVER AT 3RD AVE WE

225 NORTH AVENUE, NW MINNEAPOLIS, MN 55141

ATLANTA, GA 30332 STEVENS INSTITUTE OF TECHNOLOGY

WORCESTER POLYTECHNIC INSTITUTE DAVIDSON LABORATORY

ALDEN RESEARCH LABORATORY ATTN TECHNICAL LIBRARY

ATTN PROFESSOR L. J. HOOPER HOBOKEN, NJ 07030

ATTN L. C. NEALE
WORCESTER, MA 01609 UNIVERSITY OF WEST FLORIDA

FACULTY OF AERONAUTICAL SYSTEMS

SUPERINTENDENT ATTN DR. RICHARD FLEDDERMAN

NAVAL POSTGRADUATE SCHOOL PENSACOLA, FL 32504

ATTN LIBRARY, CODE 2124

MONTEREY, CA 93940

23



DISTRIBUTION (Cont'd)

HONEYWELL ORDNANCE DIVISION NORTH AMERICAN AVIATION, INC
600 2ND STREET, N. SPACE & INFORMATION SYSTEMS DIVISION

ATTN TECHNICAL LIBRARY ATTN TECHNICAL INFORMATION CENTER,
HOPKINS, MN 53343 D/096-722 (AJ01)

DOWNEY, CA 90241
MELPAR, INC
888 17TH STREET, NW GENERAL DYNAMICS
WASHINGTON, DC 20006 ELECTRIC BOAT DIVISION

MARINE TECHNOLOGY CENTER
PHYSICS INTERNATIONAL COMPANY ATTN MR. W. B. BARKLEY
2700 MERCED STREET ATTN TECHNICAL DIRECTOR
SAN LEANDRO, CA 94577 Po BOX 911

SAN DIEGO, CA 92112
SYSTEMS, SCIENCE & SOFTWARE
ATTN LIBRARIAN AVCO-EVERETT RESEARCH LABORATORY
Po BOX 1620 ATTN TECHNICAL DIRECTOR
LA JOLLA, CA 92037 885 REVERE BEACH PARKWAY

EVERETT, MA 02149
GENERAL MOTORS
TECHNICAL CENTER BATTELLE MEMORIAL INSTITUTE
ATTN LIBRARIAN 505 KING AVENUE
WARREN, MI 48090 ATTN REMOTE AREA CONFLICT

INFORMATION CENTER
BOEING COMPANY COLUMBUS, OH 43201
THE RESEARCH & ENGINEERING DIVISION
ATTN LIBRARIAN BOEING COMPANY
SEATTLE, WA 98100 AEROSPACE COMPANY

ATTN TECHNICAL DIRECTOR
MARTIN MARIETTA CORP PO BOX 3707
AEROSPACE DIVISION SEATTLE, WA 98124
ATTN LIBRARIAN
Po BOX 5837, MD 109 ALLEGHANY BALLISTICS LABORATORY
ORLANDO, FL 32805 HERCULES POWDER COMPANY

ATTN TECHNICAL DIRECTOR
AEROPHYSICS COMPANY CUMBERLAND, MD 12502

ATTN TECHNICAL DIRECTOR
3500 CONNECTICUT AVENUE NW AEROSPACE CORPORATION
WASHINGTON, DC 20003 ATTN DR. J. S. WHITTIER

ATTN TECHNICAL DIRECTOR
OCEANIPS, INC PO BOX 92957

ATTN TECHNICAL DIRECTOR LOS ANGELES, CA 90045
PLAINVIEW, LONG ISLAND, NY 11803

GENERAL ELECTRIC COMPANY
THERM ADVANCED RESEARCH, INC SP&CE DIVISION
100 HUDSON CIRCLE ATTN .!R. LAWRENCE I. CHANSEN,
ITHACA, NY 14851 MANAGER/MSC LIBRARIES

PO BOX 8555
KAAN SCIENCES CORP PHILADELPHIA, PA 19101
KAMAN NUCLEAR DIVISION
ATTN TECHNICAL DIRECTOR GENERAL ELECTRIC COMPANY
PO BOX 7463 RE-ENTRY & ENVIRONMENTAL SYSTEMS
COLORADO SPRINGS, CO 80933 DIVISION

ATTN MR. W. DASKIN, MANAGER, TECHNOLOGY

LOCKHEED MISSILES & SPACE COMPANY ENGINEERING SECTION
MISSILE SYSTEMS DIVISION ATTN TECHNICAL DIRECTOR
ATTN TECHNICAL DIRECTOR PO BOX 7722

ATTN FRANK CHAPMAN, DEPT 81-90 PHILADELPHIA, PA 19101
SUNNYVALE, CA 94088

24



DISTRIBUTION (Cont'd)

GRUMMAN AEROSPACE CORPORATION HARRY DIAMOND LABORATORIES

ATTN TECHNICAL DIRECTOR ATTN CO/TD/TSO/D)IVISION DIRECTORS

SOUTH OYSTER BAY ROAD ATTN RECORD COPY, 81200

BETHPAGE, LONG ISLAND, NY 11714 ATTN HDL LIBRARY, 81100 (2 COPIES)

ATTN HDL LIBRARY, 81100 (WOODBRIDGE)

UNITED AIRCRAFT CORPORATION ATTN TECHNICAL REPORTS BRANCH, 81300

RESEARCH LABORATORY ATTN CHAIRMAN, EDITORIAL COMMITTEE

ATTN MR, J. J. CHARETTE ATTN LEGAL OFFICE, 47000

ATTN TECHNICAl. DIRECTOR ATTN MORRISON, R. F., 13500 (GIUEP)

E. HARTFORD, CT 06108 ATTN CHIEF, 48000
ATTN CHIEF, 48500

IIT RESEARCH INSTITUTE ATTN LANHAM, C., 00213

10 W. 35TH STREET ATTN CHRISTOPHERSON, R. I., 34300

ATTN LIBRARIAN ATTN DAVIS, H., 34600

CHICAGO, IL 60blb ATTN OVERMAN, D., 34200
ATTN ZASTROW, K., EL-PA

TETRA TEK, INC ATTN MILLER, J. W., 34300

UNIVERSITY OF UTAH RESEARCH PARK ATTN HUM, S., 34300

ATTN SIDNEY GREEN ATTN INGERSOLL, P. F., 34300

420 WAKARA WAY ATTN MOY, R., 48500

SALT LAKE CITY, TIT 84109 ATTN DAVIS, R. H., 34300

ATTN BEARD, J., 34200

HYDRONAUTICS, INC ATTN MCINTOSH, W. E., 48500

ATTN MP. P. FISEN4ER; ATTN THAYER, R. S., 48100

PINDELL SCHOOL ROAD ATTN MARY, D., 48500

HOWARD COUNTY ATTN NELSON, F., 48500

LAUREL, MD 20H1 ATTN TEVELOW, F., 48500

ATTN RONGIIS, L., 34200

[IS ARMY ELECTRONICS RESEARCH ATTN LUCEY, G., 47700

& DEVELOPMENT COMMAND ATTN WESTLUND. R., 47000

ATTN TECH DIR, DRMEL-CT ATTN TURRILL, F., 34600

ATTN CAMPAGNUOLO, C. J., 34600

ATTN SABONIS, A., 34600

ATTN CILLINANE, J. J., 40000 (2 COPIES)

ATTN FURLANI, J, 48100
ATTN HILL, H., 48100 (2 COPIES)

ATTN ANSTINE, C., 15400

ATTN POLLIN, 1., 48500 (20 COPIES)

25

.5



~LL~


